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Using 5.2 fb−1 e+e− annihilation data samples collected with the BESIII detector, we measure the
cross sections of e+e− → K0SK±π∓π0 and K0SK±π∓η at center-of-mass energies from 3.90 to 4.60
GeV. In addition, we search for the charmonium-like resonance Y (4260) decays into K0SK
±π∓π0
and K0SK
±π∓η, and Z0,±c (3900) decays into K
0
SK
±π∓,0 and K0SK
±η. Corresponding upper limits
are provided since no clear signal is observed.
PACS numbers: 13.66.Bc, 14.40.Pq, 14.40.Rt
I. INTRODUCTION
With the experimental progress in the past decade,
many charmonium-like (XY Z) states were observed,
which can not be accommodated within the naive quark
model and are proposed as the candidate of the hidden-
charm exotic mesons [1, 2]. In this paper, we focus on
the exotic states Y (4260) and Zc(3900).
Y (4260) was first observed in ISR process e+e− →
γISRπ
+π−J/ψ by BABAR [3]. In later experiments,
Y (4260) was also observed in Y (4260) → π0π0J/ψ [4].
Recently, BESIII has observed a resonance around
4.23 GeV in a open-charm process e+e− → π+D0D⋆− [5].
But no other open charm [6–11], hidden charm [12–
14] and charmless [15–17] decay modes have be seen.
Different interpretations were proposed to explain its
structure, such as the charmonium states 4 3S1 [18–20]
and 3 3D1 [21], hybrid charmonium [22, 23], tetraquark
state [24–27], molecular state [28–33], and non-resonance
explanation [34–36].
The Zc(3900) was observed in the J/ψπ
± invariant
mass distribution of the e+e− → π+π−J/ψ process
by the BESIII Collaboration [37]. Subsequently, addi-
tional Zc(3900) decay channels were observed, including
4DD¯∗ + c.c [38–40], D∗D¯∗ + c.c [41, 42], and there are
evidence for Zc(3900) decays into πhc [43, 44]. The J
P
of Zc(3900) was determined to be 1
+ with a partial wave
analysis of the π+π−J/ψ final state [45]. Since its discov-
ery, many interpretations on the nature of the Zc(3900)
have been proposed, such as aDD¯∗ molecule [46], a tetra-
quark state [47], a cusp effect [48], and dynamical gener-
ation through threshold effects [49, 50].
Despite many interpretations, the natures of the
Y (4260) and Zc(3900) are still unclear. To compre-
hend these states, it is necessary to study more de-
cay modes. All of the observed decay modes of the
Y (4260) and Zc(3900) are associated with the charm sec-
tor and no light hadron decay modes have been found
yet [51–53]. A search for light hadron decay modes of
the Y (4260) and Zc(3900) is complementary to previ-
ous studies and may help to distinguish between differ-
ent theoretical models and to understand strong interac-
tion effects in this energy region. Among the large num-
ber of potential light hadron decay modes, the branch-
ing fractions (BFs) of charmonium states decaying into
KSK
±π∓π0 and KSK±π∓η are usually large [54]. In
four-body final state, there should be abundant interme-
diate states, which may supply more possible decay chan-
nels for searching Y (4260) and Zc(3900). Furthermore,
the existence of charged and neutral pions in the final
states enable a study of isospin multiplets. In this paper,
we present a measurement of the Born cross sections (σB)
for e+e− → K0SK±π±π0 and K0SK±π∓η. We also report
upper limits of e+e− → Y (4260) → K0SK±π∓π0, e+e−
→ Y (4260) → K0SK±π∓η, e+e− → π∓,0Zc(3900)±,0 →
K0SK
±π∓π0, and e+e− → π∓Zc(3900)± → K0SK±π∓η.
II. DETECTORS AND DATA SAMPLES
The BESIII detector [55], operating at the BEPCII
collider [56], is a general purpose spectrometer with a ge-
ometrical acceptance of 93% of 4π solid angle. It has
four main components: (1) a small-cell, helium-based
(60% He, 40% C3H8) multi-layer drift chamber (MDC)
with 43 layers providing an average single-hit resolution
of 135µm, a momentum resolution of 0.5% at 1.0GeV/c
in a 1.0T magnetic field, and a specific ionization energy
loss (dE/dx) resolution better than 6%, (2) a time-of-
flight (TOF) detector constructed of 5 cm thick plastic
scintillators, with 176 strips of 2.4m length in two lay-
ers in the barrel and 96 fans of the end-caps with time
resolutions of 80 and 110 ps, respectively, which provide
a 2σ K/π separation for momenta up to ∼ 1.0GeV/c,
(3) an electromagnetic calorimeter (EMC) consisting of
6240 CsI (Tl) crystals in a cylindrical barrel structure and
two end-caps with an energy resolution of 2.5% (5%) at
1.0GeV and a position resolution of 6mm (9mm) in the
barrel (end-caps), and (4) a muon counter (MUC) con-
sisting of resistive plate chambers (RPCs) in nine barrel
and eight end-cap layers, which provide a 2 cm position
resolution. More details of the BESIII detector can be
found in Ref. [55].
This analysis is based on 5.2 fb−1 e+e− annihilation
data samples [57] collected with the BESIII detector at
center-of-mass energies (
√
s) from 3.90 to 4.60 GeV [58],
which are listed in Table I. Monte-Carlo (MC) simula-
tions are used to optimize the event selection criteria, to
study the detector acceptance and to understand the po-
tential backgrounds. The geant4-based [59] simulation
software boost [60] is implemented to simulate the de-
tector response, describe geometry and material, realize
digitization, and incorporate time-dependent beam back-
grounds. Six generic MC samples, equivalent to the inte-
grated luminosity of the data at the energy points 4.009,
4.230, 4.260, 4.360, 4.420 and 4.600 GeV are generated to
study the backgrounds. The primary known decay chan-
nels are generated using evtgen [61] with the BFs set to
the world average values [54] while the unknown decay
modes are generated with lundcharm [62]. Continuum
hadronic events are generated with kkmc [63] and QED
processes such as Bhabha scattering, dimuon, and digam-
ma events are generated with kkmc and babayaga [64].
To study the efficiency of each final state, a sample of
1 × 105 signal events is generated at each energy point
using kkmc, which simulates e+e− annihilation, includ-
ing beam energy spread and ISR effects.
III. DATA ANALYSIS
A. Measurement of σB(e
+e− → K0SK
±pi∓pi0) and
σB(e
+e− → K0SK
±pi∓η)
Candidate events for e+e− → K0SK±π∓π0/η, with
K0S → π+π− and π0/η → γγ are selected according
to the following steps. First, K0S candidates are se-
lected by looping over all pairs of oppositely charged
tracks, which are assumed to be pions. Next, prima-
ry and secondary vertex fits [65] are performed and the
decay length of the secondary vertex fit is required to
be greater than twice its uncertainty. Furthermore, the
invariant mass of the pion pair is required to satisfy
|M(π+π−) −MK0
S
| < 12 MeV/c2, where MK0
S
denotes
the nominal mass of the K0S [54]. If there are multiple
K0S candidates in one event, the one with the smallest χ
2
from the secondary vertex fit is selected.
In addition to the two charged tracks that make up
the K0S , two oppositely charged tracks are required. For
the latter two charged tracks, the polar angle θ must sat-
isfy | cos θ| < 0.93 and the distance of closest approach
to the interaction point must be less than 10.0 cm and
1.0 cm along the beam direction and in the plane perpen-
dicular to the beam direction, respectively. The particle
type for each charged track is determined by selecting
the hypotheses with the highest probability, which is cal-
culated with the combined information from TOF and
dE/dx measurements for different particle hypotheses.
One charged track must be identified as a kaon and the
other as a pion.
5Photons are reconstructed from clusters deposited in
the EMC, with the energy measured in the TOF includ-
ed to improve reconstruction efficiency and energy reso-
lution. At least two photons are required per event. The
energy of a photon candidate is required to be larger than
25 MeV in the barrel region (| cos θ| < 0.80) or 50 MeV
in the end-cap region (0.86 < | cos θ| < 0.92). The cluster
timing is required to be between 0 and 700 ns to suppress
electronic noise and energy depositions unrelated to the
event of interest. To eliminate showers associated with
charged particles, the opening angle between a photon
candidate and the extrapolated position of the closest
charged track should be larger than 20 degrees.
Finally, a four-constraint (4C) kinematic fit imposing
energy-momentum conservation is performed to the fi-
nal states. Only events with χ24C < 60 are accept-
ed. For events with more than two photon candidates,
the photon pair with the smallest χ24C from the kine-
matic fit is accepted. After the 4C kinematic fit, no
peaking background is observed in the generic MC sam-
ples. The invariant mass distributions of π+π− ver-
sus γγ at 4.258 GeV are shown in Fig. 1 as an ex-
ample in which obvious K0S and π
0/η peaks are ob-
served. The signal regions are defined as M(π+π−) ∈
(0.488, 0.508) GeV/c2, M(γγ) ∈ (0.12, 0.15) GeV/c2
(for the π0 mode) and M(γγ) ∈ (0.52, 0.58) GeV/c2
(for the η mode). The sideband regions are defined
as M(π+π−) ∈ (0.463, 0.483) ∪ (0.513, 0.533) GeV/c2,
M(γγ) ∈ (0.08, 0.11) ∪ (0.16, 0.19) GeV/c2 (for the π0
mode) and M(γγ) ∈ (0.44, 0.50) ∪ (0.60, 0.66) GeV/c2
(for the η mode). The signal yields at each energy,
presented in Tables I and II, are obtained according to
Nsig = NA−
∑
NB/2+
∑
NC/4, where N is the number
of events and the subscript A denotes the signal region,
and the subscripts B and C denote the sideband regions.
The Born cross section is calculated from
σB =
Nsig
L · B · ǫ · (1 + δISR) · 1|1−Π(s)|2
, (1)
where L is the integrated luminosity, ǫ is the detection
efficiency, B is the product of the BF of K0S → π+π−
and that of π0/η → γγ [54], 1|1−Π(s)|2 is the vacuum
polarization correction factor [66], and (1 + δISR) is the
ISR correction factor [67] which is determined by the
MC simulation programmer kkmc. The ISR factors are
set to 1.0 to get the initial cross section lineshape as
input to kkmc. From kkmc, the updated ISR factors
are obtained, then the cross section lineshape is updated
too. We repeat this process till both ISR factors and
cross section converge.
The invariant mass distributions of any two or three
final state particles at
√
s = 4.258 GeV are shown in
Figs. 2 and 3 as examples. There are some intermediate
states observed in this four-body decay. To estimate the
detection efficiency, a data-driven method is implement-
ed to produce an exclusive MC sample that more closely
resembles the data. This mixing MC sample includes in-
termediate resonances, such as ρ(770) and K∗(892), with
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FIG. 1. (Color online) The distributions of M(π+π−) versus
M(γγ) at
√
s = 4.258 GeV. The top is the π0 mode and the
bottom is the η mode. The boxes with mark “A” is the signal
region and the boxes with mark “B” and “C” are sideband
regions.
couplings tuned to approximately match those appear in
the data sample and is weighted according to the mo-
mentum distributions observed in the data sample. As
illustrated in Figs. 2 and 3, the mixing MC sample gives
a much better description of the data than a phase space
(PHSP) MC sample. The observed cross sections are
presented in Tables I and II, and illustrated in Fig. 4.
B. Upper limits of e+e− → Y (4260) →
K0SK
±pi∓pi0 and e+e− → Y (4260) → K0SK
±pi∓η
Since there is no obvious structure in the line shapes
of the Born cross sections for e+e− → K0SK±π∓π0 and
e+e− → K0SK±π∓η, as shown in Fig. 4, the upper limits
of Y (4260)→ K0S K± π∓ π0 and Y (4260)→ K0S K± π∓
6TABLE I. Data sets and results of the Born cross section measurement for e+e− → K0SK±π∓π0. The table includes the
integrated luminosity L, the number of observed signals events Nsig, the efficiency ǫ, the ISR correction factor (1 + δISR), the
vacuum polarization correction factor 1|1−Π(s)|2 , and the Born cross section σB. The first errors are statistical and the second
ones are systematic. The details of systematic uncertainties are described in Sec. IIID.
√
s (GeV) L (pb−1) Nsig ǫ (%) (1 + δISR) 1|1−Π(s)|2 σB (pb)
3.896 52.61 469 ± 22 16.76 1.03 1.05 74.41 ± 3.47 ± 3.35
4.008 481.96 3335 ± 58 16.41 1.05 1.04 58.02 ± 1.01 ± 2.61
4.086 52.63 307 ± 18 16.70 1.06 1.05 47.52 ± 2.73 ± 2.14
4.189 43.09 240 ± 16 16.31 1.08 1.06 45.38 ± 2.94 ± 2.04
4.208 54.55 269 ± 17 15.49 1.11 1.06 40.95 ± 2.50 ± 1.84
4.217 54.13 257 ± 16 16.03 1.11 1.06 38.28 ± 2.40 ± 1.72
4.226 1091.74 5235 ± 73 15.90 1.10 1.06 39.23 ± 0.55 ± 1.77
4.242 55.59 255 ± 16 16.02 1.10 1.06 37.46 ± 2.35 ± 1.69
4.258 825.67 3850 ± 63 15.52 1.12 1.05 38.65 ± 0.63 ± 1.74
4.308 44.90 199 ± 15 15.55 1.11 1.05 36.86 ± 2.62 ± 1.66
4.358 539.84 2167 ± 47 15.38 1.12 1.05 33.53 ± 0.72 ± 1.51
4.387 55.18 237 ± 16 16.00 1.15 1.05 33.68 ± 2.20 ± 1.52
4.416 1073.56 3934 ± 63 15.21 1.14 1.05 30.38 ± 0.49 ± 1.37
4.467 109.94 378 ± 20 15.87 1.17 1.06 26.70 ± 1.38 ± 1.20
4.527 109.98 364 ± 20 15.35 1.17 1.06 26.51 ± 1.40 ± 1.19
4.575 46.67 149 ± 13 15.15 1.19 1.06 24.87 ± 2.06 ± 1.12
4.600 566.93 1612 ± 41 15.49 1.16 1.06 22.71 ± 0.57 ± 1.02
TABLE II. Same as TABLE I for e+e− → K0SK±π∓η.√
s (GeV) L (pb−1) Nsig ǫ (%) (1 + δISR) 1|1−Π(s)|2 σB (pb)
3.896 52.61 76± 9 18.22 1.02 1.05 27.23 ± 3.22 ± 1.26
4.008 481.96 516 ± 24 18.19 1.04 1.04 19.88 ± 0.92 ± 0.94
4.085 52.63 42± 7 18.07 1.05 1.05 14.71 ± 2.45 ± 0.70
4.189 43.09 43± 7 17.92 1.09 1.06 17.75 ± 2.89 ± 0.84
4.208 54.55 43± 7 17.76 1.08 1.06 14.20 ± 2.31 ± 0.61
4.217 54.13 31± 6 18.06 1.09 1.06 10.05 ± 1.95 ± 0.41
4.226 1091.74 942 ± 31 17.85 1.08 1.06 15.61 ± 0.51 ± 0.64
4.242 55.59 45± 7 17.86 1.08 1.06 14.63 ± 2.28 ± 0.60
4.258 825.67 655 ± 26 17.75 1.08 1.05 14.35 ± 0.57 ± 0.66
4.308 44.90 32± 6 17.59 1.12 1.05 12.67 ± 2.38 ± 0.55
4.358 539.84 349 ± 19 17.79 1.12 1.05 11.38 ± 0.62 ± 0.51
4.387 55.18 40± 6 17.44 1.11 1.05 13.05 ± 1.96 ± 0.62
4.416 1073.56 638 ± 26 17.56 1.11 1.05 10.62 ± 0.43 ± 0.49
4.467 109.94 66± 8 17.23 1.14 1.06 10.62 ± 1.29 ± 0.52
4.527 109.98 45± 7 17.20 1.14 1.06 7.27 ± 1.31 ± 0.37
4.575 47.67 27± 5 17.29 1.15 1.06 9.23 ± 1.84 ± 0.49
4.600 566.93 288 ± 18 17.20 1.18 1.06 8.67 ± 0.54 ± 0.43
η are determined by fitting the line shapes with the func-
tion σB(
√
s) = c0·f(
√
s)+BW(
√
s). Here f(
√
s) = p0
(
√
s)p1
describes the continuum process e+e− → K0SK±π∓π0/η,
the parameters p0 and p1 are determined by fitting the
line shapes with only the continuum process. BW(
√
s)
given in Eq. (2)
BW(
√
s) =
12πΓe+e−BΓtot
(s−M2)2 +M2Γ2tot
(2)
is a relativistic Breit-Wigner function describing the res-
onance Y (4260), where M, Γtot, and Γe+e− are the mass,
full width, and electronic width of Y (4260), respectively;
B is the branching fraction of the decay Y (4260) → K0S
K± π∓ π0/η.
The mass and the full width of Y(4260) are set to
the world average values 4230 ± 8 MeV/c2 and 55 ±
19 MeV/c2 [54]. The parameter c0 is allowed to float
during the fits, while the product Γe+e−B increases from
0 to 0.5 eV in step length of 0.001 eV. For each value of
it, a fitting estimator Q2 defined by Eq. (3)
Q2 =
∑
i
(σBi − h · σfitBi)2
δ2i
+
(h− 1)2
δ2c
(3)
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FIG. 2. (Color online) Invariant mass distributions of any two
or three final state particles for the π0 mode at 4.258 GeV.
The black dots with error bars are the data. The red solid
lines are the mixing MC sample. The blue dashed lines are the
PHSP MC sample. The pink dash-dotted lines in plot (i) and
plot (j) are the MC shape of the Zc(3900) with an arbitrary
scale.
)2)(GeV/cη0
S
M(K
1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
10
20
30
40 (a)
)2)(GeV/cη±M(K
1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
10
20
30
40 (b)
)2)(GeV/c±K0
S
M(K
1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
60 (c)
)2)(GeV/c±pi0
S
M(K
1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
50
100
150
200 (d)
)2)(GeV/c±piηM(
0 1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
60 (e)
)2)(GeV/c±pi±M(K
1 2 3
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
60
80 (f)
)2)(GeV/cη±pi0
S
M(K
1 2 3 4
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
(g)
)2)(GeV/cη±pi±M(K
1 2 3 4
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
(h)
)2)(GeV/cη±K0
S
M(K
2 3 4
2
Ev
en
ts
/6
0 
M
eV
/c
0
20
40
60 (i)
)2)(GeV/c±pi±K0
S
M(K
1 2 3 4
2
Ev
en
ts
/6
0 
M
eV
/c
0
5
10
15
20 (j)
FIG. 3. (Color online) Invariant mass distributions of any
two or three final state particles for the η mode at 4.258 GeV.
The black dots with error bars are the data. The red solid
lines are the mixing MC sample. The blue dashed lines are
the PHSP MC sample. The pink dash-dotted line in plot (i)
is the MC shape of the Zc(3900) with an arbitrary scale.
8is obtained. Here σB and σ
fit
B are the measured and fit-
ted Born cross sections, δi is the energy dependent part of
the total uncertainty, which includes the statistical un-
certainty and the energy dependent part of systematic
uncertainty, the δc is the energy independent part of the
systematic uncertainty (the systematic uncertainties are
described in detail in Sec. III D), h is a free parameter in-
troduced to take into account the correlation of different
energy points, and the subscript i indicates the index of
each energy point [68] . The Q2 is used to calculate the
likelihood L = e−0.5Q
2
, whose normalized distribution is
used to get the upper limits of Γe+e−B at the 90% con-
fidence level (C.L.), which is determined to be 0.050 eV
and 0.19 eV for the π0 mode and the η mode, respective-
ly.
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FIG. 4. (Color Online) Line shapes of Born cross sections for
e+e− → K0SKππ0 (a), and e+e− → K0SKπη (b). The dots
with error bars are the measured Born cross sections. The
solid red lines are the fitted results with the function f(
√
s) =
p0
(
√
s)p1
and parameters p0 = (6.14±1.54)×106 (pb) · (GeV)p1
and p1 = 6.68± 0.17 in the π0 mode and p0 = (1.86± 0.97)×
105 (pb) · (GeV)p1 and p1 = 6.56 ± 0.36 in the η mode. The
pink dash-dotted lines are the MC shape of the Y (4260) with
an arbitrary scale factor.
C. Upper limits on σB
(
e+e− → pi0,∓ Z0,±c (3900),
Z0,±c (3900) → K
0
SK
±pi∓,0/η
)
Since there is no obvious Zc(3900) signal in the in-
variant mass distributions of K0SK
±π∓,0 (π0 mode) and
K0SK
±η (η mode), as shown in Figs. 2 and 3, the up-
per limits at the 90% C.L. for the production cross sec-
tion σB
(
e+e− → π Zc(3900)
)
, with Zc(3900) → K0S K
π/η are determined with an unbinned maximum likeli-
hood fit to the invariant mass of K0SKπ/η in the range
(3.7, 4.1) GeV/c2, at the five energy points 4.226, 4.258,
4.358, 4.416, and 4.600 GeV. The contribution of non-
K0S or non-π
0/η backgrounds is negligible. In the fit, the
Zc(3900) signal is described by the MC simulated shape,
and the mass and width of the Zc(3900) are set to theirs
world average value 3886.6± 2.4 MeV/c2 and 28.2± 2.6
MeV/c2 [54], respectively. The background is described
by a second order polynomial function. The normalized
likelihood distribution of the Born cross section L(σB) is
determined by changing the number of signal events from
0 to 150 with a step size of 1. The upper limit (UL) at
the 90% C.L. is calculated by solving the equation
0.1 =
∫ ∞
UL
L(σB)dσB , (4)
The final upper limits are shown in Table III, where all
of the systematic uncertainties have been considered, the
details of which are explained in Sec. III D. The ratio
R =
σB(e
+e− → πZc(3900)→ πK0SKπ/η)
σB(e+e− → πZc(3900)→ ππJ/ψ)
is also given in Table III, where the cross sections
for e+e− → π∓Zc(3900)± → π+π−J/ψ and e+e− →
π0Zc(3900)
0 → π0π0J/ψ are from Ref. [45] and Ref. [69],
respectively.
TABLE III. Upper limits on σB
(
e+e− → πZc(3900),
Zc(3900)→K0SKπ/η
)
, and its ratio (R) to σB(e
+e− →
πZc(3900), Zc(3900) → πJ/ψ) at the 90% C.L..
√
s (GeV) σB (pb) R
e+e− → π0Zc(3900)0,
4.226 < 0.24 < 2.5 × 10−2
Zc(3900)
0 → K0SK±π∓
4.258 < 0.38 < 1.2 × 10−1
4.358 < 0.51 < 2.6 × 10−1
4.416 < 0.27 -
4.600 < 0.33 -
e+e− → π±Zc(3900)∓,
4.226 < 0.17 < 9.1 × 10−3
Zc(3900)
∓ → K0SK∓π0
4.258 < 0.28 < 5.6 × 10−2
4.358 < 0.57 -
4.416 < 0.34 -
4.600 < 0.45 -
e+e− → π±Zc(3900)∓,
4.226 < 0.18 < 1.0 × 10−2
Zc(3900)
∓ → K0SK∓η
4.258 < 0.56 < 1.4 × 10−1
4.358 < 0.53 -
4.416 < 0.76 -
4.600 < 0.58 -
9D. Systematic Uncertainties
Various sources of systematic uncertainty are investi-
gated in the K0SK
±π∓π0 and K0SK
±π∓η lineshape mea-
surement. We assume that the systematic uncertainties
associated with the physics model used in the MC simu-
lation, the luminosity, tracking, PID, γ reconstruction
efficiency, K0S reconstruction efficiency, ISR correction
factor, vacuum polarization factor and quoted BFs are
energy independent, while the other systematic effects
are energy dependent.
For the π0 mode, a data-driven MC method is devel-
oped to obtain the efficiency. To estimate the uncer-
tainty of this method, one thousand testing samples of
e+e− → K0SK±π∓π0 are generated with eighteen dif-
ferent physics processes with random ratios, the ratio of
each process is generated using uniform distribution be-
tween 0 to 1 and then normalized by the summation of
these eighteen ratios. The difference between the esti-
mated and the real efficiencies is fitted with a Gaussian
function. The fit results give a mean of 0.4% which is
neglected, and a width of 0.9% which is taken as the sys-
tematic uncertainty from the data-driven MC method.
For the η mode, which has much lower statistics than
the π0 mode, alternative mixing ratios are used to gen-
erate a new MC sample and the efficiency difference be-
tween the two MC samples is adopted as the systematic
uncertainty.
The uncertainty on the integrated luminosity is esti-
mated to be 1.0% using Bhabha events [57].
Both the uncertainties of tracking and PID for charged
tracks originating at the interaction point are determined
to be 1.0% per track using J/ψ → K0SK±π∓, J/ψ →
pp¯π+π−, and J/ψ → π+π−π0 [70] as control samples.
The uncertainty due to photon reconstruction efficien-
cy is 1.0% per photon, which is derived from studies of
J/ψ → ρ0π0, ρ0 → π+π−, π0 → γγ [71].
The uncertainty associated with the K0S reconstruc-
tion is studied using J/ψ → K∗(892)±K∓,K∗(892)± →
K0Sπ
± and J/ψ → φK0SK±π∓ control samples and is
estimated to be 1.2% [72].
The ISR correction factor introduces a 1.0% uncer-
tainty since the termination condition of the recursion
method used to get the correction factor is 1.0% between
the last two iterations.
The uncertainty due to the vacuum polarization factor
is found to be negligible [66]. The uncertainties of the
quoted BFs are also considered.
The energy dependent ones include the systematic un-
certainties from the choosing about mass window and
sideband regions of K0S , π
0, and η and the kinemat-
ic fit. The uncertainties associated with the K0S, π
0,
and η invariant mass regions are determined by chang-
ing them from (0.488, 0.508) to (0.483, 0.513) GeV/c2,
(0.12, 0.15) to (0.115, 0.155) GeV/c2 and (0.52, 0.58) to
(0.51, 0.59) GeV/c2 for the K0S, π
0 and η, respectively.
The differences in the efficiencies are taken as the corre-
sponding systematic uncertainties.
The uncertainties due to the side-band regions are
determined by changing the side-band region to Mη ∈
(0.44, 0.47) ∪ (0.63, 0.66) GeV/c2, Mπ0 ∈ (0.08, 0.095) ∪
(0.175, 0.19) GeV/c2 and MK0
S
∈ (0.463, 0.473) ∪
(0.523, 0.533) GeV/c2. The differences are taken as the
associated systematic uncertainties.
The uncertainty associated with the kinematic fit is de-
termined by comparing the efficiencies with and without
corrections to the track helix parameters [73].
Assuming all sources of systematic uncertainties are
independent, the total uncertainties are the sums of the
individual values in quadrature (Table IV).
The systematic uncertainties that affect the upper lim-
its on σB
(
e+e− → πZc(3900), Zc(3900) → K0SKπ/η
)
are considered in two categories: multiplicative and non-
multiplicative. The non-multiplicative systematic uncer-
tainties on the signal shape and the background shape
are considered by changing the signal shape to a Breit-
Wigner function and varying the fit range, the param-
eters of the Zc(3900), and the order of the polynomi-
al functions in the fit. The maximum upper limits are
adopted for all combinations of these variations. The in-
termediate states in the Zc(3900) decay are considered
by generating signal MC samples with alternative pro-
cesses Zc(3900) → K∗(892)K, K∗(892) → K(K0S)π (π0
mode), and Zc(3900) → a0(980)η, a0(980) → K0SK (η
mode). The efficiency difference is considered as a mul-
tiplicative systematic uncertainty. All of the systematic
uncertainties, which are listed in Table IV, excluding the
side-band item and mixing MC item, are considered as
the multiplicative systematic uncertainties. The effects
of multiplicative systematic uncertainties are taken into
account by convolving the distribution of L(σB) with a
probability distribution function of sensitivity (S), which
is assumed to be a Gaussian function with central value
Sˆ and standard deviation δS [74]:
L′(σB) =
∫ 1
0
L(
S
Sˆ
σB) · e−
(S−Sˆ)2
2δ2s dS . (5)
Here S is the sensitivity that refers to the denominator
of Eq. (1) and δs is the total multiplicative systematic
uncertainty. L′(σB) is the likelihood distribution of the
Born cross section after the multiplicative systematic un-
certainties are incorporated.
IV. SUMMARY
The Born cross sections for e+e− → K0SK±π∓π0
and K0SK
±π∓η are measured with data samples collect-
ed at center-of-mass energies from 3.90 to 4.60 GeV.
Since no clear structure is observed, the upper lim-
its of the product Γe+e−B
(
Y (4260) →K0SK±π∓π0
)
at 90% C.L. is estimated to be less than 0.05 eV and
that of Γe+e−B
(
Y (4260) →K0SK±π∓η
)
is estimated to
be smaller than 0.19 eV. Ref. [75] reported four so-
lutions of the product Γe+e−B
(
Y (4260) → π+π−J/ψ),
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TABLE IV. Summary of systematic uncertainties (in %).
√
s (GeV) 3.896 4.008 4.085 4.189 4.208 4.217 4.226 4.242 4.258 4.308 4.358 4.387 4.416 4.467 4.527 4.575 4.600
b
o
th
m
o
d
e
L 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
K0S reconstruction 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Tracking 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PID 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
γ reconstruction 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
BFK0S→pi+pi− 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
(1 + δISR) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
π
0
m
o
d
e
Mixing MC 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Kinematic fit 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.1 0.2 0.2 0.2 0.4 0.4 0.3 0.4
π0 mass interval 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.8 0.8 0.8
K0S mass interval 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.2
side-band 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
BFpi0→γγ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
η
m
o
d
e
Mixing MC 0.2 1.4 1.1 1.0 1.2 0.3 0.1 0.4 1.6 0.5 1.4 1.2 0.3 1.6 1.5 0.6 0.9
Kinematic fit 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.1 0.3 0.4 0.1 0.2 0.2 0.2
η mass interval 1.6 1.6 1.6 1.6 0.6 0.6 0.6 0.6 0.9 0.9 1.0 0.4 0.4 0.4 1.7 1.7 1.7
K0S mass interval 1.7 1.7 1.7 1.7 0.7 0.7 0.7 0.7 1.4 1.4 1.1 2.1 2.1 2.1 2.3 2.3 2.3
side-band 0.1 0.1 0.1 0.1 0.6 0.6 0.6 0.6 0.5 0.5 0.4 1.1 1.1 1.1 0.4 0.4 0.4
BFη→γγ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total 4.6 4.8 4.7 4.7 4.3 4.1 4.1 4.1 4.6 4.4 4.5 4.8 4.7 4.9 5.1 4.9 5.0
in which the maximum is 13.3 ± 1.4 eV and the min-
imum is 1.5 ± 0.3 eV. Comparing them with our re-
sults, the branching fraction of the Y (4260) decaying into
K0SK
±π∓π0 and K0SK
±π∓η is much smaller, which indi-
cates a much smaller coupling of the Y (4260) to the light
hadrons K0SK
±π∓π0 and K0SK
±π∓η. We also search
for e+e− → πZc(3900), Zc(3900) → K0SKπ/η and no
obvious Zc(3900) signal is observed in the charged nor
neutral mode. The 90% C.L. upper limits on the cross
sections are given at
√
s = 4.226, 4.258, 4.358, 4.416,
and 4.600 GeV. The absence of a signal suggests that the
cross sections for light hadron decay modes are small and
that the annihilation of cc¯ in the Y (4260) and Zc(3900) is
suppressed. Additional exploration of light hadron decay
modes is needed to confirm the hypotheses.
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